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Sexual crimesAim: Reliability of intercanine distance while analysing bite mark using metric method.
Materials and methods: Impressions of both, maxillary as well as mandibular arches of 50 consenting vol-
unteers were taken and dentition casts were prepared. The bite mark impression and the dentine mea-
surements were compared using Microsoft Excel Software. Each parameter of the bite mark is compared
to the similar parameter in the dentition of the volunteer. The relation of all parameters with intercanine
distance was observed.
Results: The findings resulted in 14 true positives, and considering only intercanine distance as parame-
ter resulted in only 6 true positives. Observations showed a significant error of 72 and 88% respectively.
Conclusion: We conclude that using intercanine distance as a parameter for bite mark analysis is an unre-
liable method.
 2016 The International Association of Law and Forensic Sciences (IALFS). Production and hosting by
Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).1. Introduction
Forensic Odontology of late is gaining importance in investiga-
tion for the identification in situations like mass disasters, skeletal
remains, in unidentifiable bodies etc. It also deals with age estima-
tion and bite mark analysis. Teeth have played a role in identifica-
tion since roman times. Lollia Paulina, mistress of Roman Emperor
Claudius, during 1st century CE, ordered to behead a woman and
for confirmation that the right woman was beheaded, demanded
to examine the teeth of the woman.
Bite Mark is ‘‘a mark made by the teeth either alone or in com-
bination with other mouth parts”.1 Bite marks are based on the
unique characteristic features possessed by the dentition of an
individual.2,3 This has been accepted in the court of law, but scien-
tific reliability is still under controversy.4 The most well-known
case is of Murder of Lisa Levy by Ted Bundy, where Ted had bit
the buttock of the victim Lisa, leaving his bite mark, helping the
judiciary in convicting Ted in 1978.5 Use of bite marks as an evi-
dence in a criminal court for the first time was in the case of Doyle
v. State of Texas in 1954, wherein the probable accused had left hisbite mark on a cheese found at the crime scene.5,6 Bite marks have
been introduced or noted in appeal, in more than 100 judicial cases
in America. Even though nearly half of those cases have been
accepted by the judiciary, controversy still persists with regard to
its reliability. American Courts, to get streamlined, had started
the use of Frey’s test, which is now superseded by the Federal Rules
of Evidence after the 1993 United States Supreme Court decision of
Daubert v. Merrell Dow Pharmaceutical.6 The controversy deep-
ened after Australian and American Courts acquitted people who
were falsely accused and convicted based on bite mark analysis.
Mississippi Bite mark case of 1992 and 1995, Mexico Bite Mark
case 1989, and the Snaggletooth Killer case are the few cases to
name, where bite mark analysis have been an instrumental
evidence.7,8
Bite mark is commonly caused by the anterior six teeth, namely
central and lateral incisors, and canines. The bite mark are
recorded by photography or by cast method. Bite mark analysis
involves comparison of the bite mark with the probable biter by
metric or non metric method. The non-metric method deals with
pattern analysis while metric method involves various measure-
ments such as mesio-distal width of the teeth, angular rotation
and inter-canine distance. In the present study, direct cast method
has been used for obtaining bite mark sample from live human vol-
unteers, and samples were analysed using metric method. In our
study, we aim to find the reliability of inter-canine distance in
comparing the dentition of the suspect with that of the bite mark.
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The research was conducted at a Medical College in Mangalore.
The sample size was of 50 volunteers with equal gender distribu-
tion and aged between 18 and 50 years.
& Inclusion Criteria
 Signed informed consent from compliant volunteers.
 Volunteers in good general health.
 Presence of 4 canine teeth (2 maxillary and 2 mandibular).
& Exclusion Criteria
 Major hard or soft tissue lesions or trauma.
 Absence of any of the canine teeth.
 Previous or current orthodontic treatment.
& The dental impressions of the volunteers were collected (Fig. 1).
& Bite Mark Impression: The volunteers were requested to bite on
their clean and dried left forearm on its frontal aspect. Instruc-
tions were given to apply sufficient pressure while biting, with a
caution not to injure themselves. To produce a negative impres-
sion of bite mark, the ultra-light body vinyl polysiloxane
impression material was applied over the bitemark impression
left on the skin immediately after the act of biting. The dried
material was removed manually which acts as a negativeFig. 1. Dentition cast.
Please cite this article in press as: Tarvadi P., et al.. Egypt J Forensic Sci (2016)impression of bitemark. Dental stone material was laid on this
impression, and was removed once it dried. This dental stone
material acts as a positive impression of the bite mark (Fig. 2).
Measurement of Teeth and Inter-canine distance: There are
totally 14 parameters, namely mesio-distal width of 12 anterior
teeth (6 maxillary and 6 mandibular) and 2 inter-canine distance
(1 maxillary and 1 mandibular). Using vernier callipers, the
mesio-distal width of each of the tooth (incisors & canines) of
the impression and inter-canine distance were recorded. Measure-
ments are taken from the positive impression of the bite marks and
the dentition of the volunteers.
& Metric analysis of the measurements: The summation of mea-
surements of every parameter in the positive impression of
the bite mark and summation of measurements of every param-
eter in the dentition is done. Using Microsoft Excel Software, a
value is drawn which gives the difference in measurement
between the two summations. This value is the similarity
index–BM1 for that particular test bite mark. Similarly two
more similarity indices (ICD1 and ICD2) were obtained. ICD1–
similarity index, wherein inter-canine distance comparison
was not included and ICD2–similarity index was obtained based
only on inter-canine distance measurement. These similarity
indices were compared with the indices drawn out of 50 volun-
teers whose dentition was taken for analysis. The dentition
which had the least index among all the 50 dentitions was con-
sidered positive. In the same manner all the 50 positive impres-
sion of the bite mark were individually compared with the
dentitions of all 50 Volunteers.
Ethical clearance by the Institutional Ethical Committee has
been taken.3. Observations & results
Out of the 50 cross matches there were 14 positive matches and
36 negative matches for similarity index–BM1. The values
remained same for the similarity index–ICD1. The similarity
index–ICD2 showed still poorer results with only 6 positive
matches and 44 negative matches. The positive matches indicateFig. 2. Bite Mark Cast.
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bitemark belonged. While the negative match suggests that the
bitemark matched the dentition sample of the person to whom
the bitemark did not belong. The present study shows, there are
36(72%) and 44(88%) false positives, for similarity indices BM1
and ICD2 respectively, which are significant errors.4. Discussion
Uniqueness of the dentition is a known fact and bite mark anal-
ysis is based on this uniqueness to relate the bite to the biter.2,3
These bite marks are dependent on various factors like causative
agent (human or animals), living or inanimate objects on which
bite is laid (skin, cheese, apple, wax, pen, pencil etc.), anatomical
locations (arms, breast, thighs etc) of the bitemark in the living,
and the dynamics involved in biting. Skin is a poor registration
material owing to age of the individual, the anatomical location
where bite mark is laid, and its elasticity.3,9 Hence, skin plays a
major role in up-keeping or distortion of the bitemark. Moreover,
during biting there may be stretching of the skin which can also
result in distortion of bitemark. The factors which result in the dis-
tortion of bitemark may yield a negative result. In our study due to
such factors, even in test conditions, it has given only 12% and 28%
positive result.
Scientific studies have been done with an aim of finding the
relation of inter-canine distance and age of the individual, and
the results have revealed that there is a marked change in the
inter-canine distances as the age advances from childhood to
adulthood.10–12 Several authors in their study have related gender
identification based on inter-canine distance, and have come to a
conclusion that inter-canine distance can be used for gender iden-
tification.13–16 Hence inter-canine distance has been useful as a
reliable indicator for estimation of age and gender.
Shivhare et al. in their study have stated that there exists a sig-
nificant relationship of intercanine distance with various facio-
maxillary reference points such as inter-pupillary distance, inter-
canthal distance, inter-alar distance and bizygomatic width. Hence
Inter-canine distance is reliable in the two dimensional facial
reconstruction.17
Tedeschi-Oliveira et al. have studied on differentiating the bite
marks from dogs and humans on the basis of inter-canine distance,
and their observations showed that the differentiation can be done.
However the authors felt more research needs to be done in this
subject area.18 The present study shows inter-canine distance has
proved to be unreliable tool for positive identification due to its
high false positive cases and very low true positive cases.
Bite mark analysis as known since 1954 has entered as evidence
in judicial system, but of late it is under controversy due to absence
of scientific validity. The unreliable testimony results not only
injustice to the individual and the society, but also undermines
the standing and integrity of the judiciary. To check the reliability,
the Daubert Court outlined four non-definitive factors which are as
follows6:
1. Whether the theory can be and has been tested;
2. What is the Error rate;
3. Whether it has been subjected to peer review and publication;
and
4. Whether it has met with general acceptance in the scientific
community.
The error in analysis is due to observer bias, measurement bias
and evidentiary error as it uses computer enhanced methodology
and adobe photoshop. These are the factors that affect the scientific
grounds.8 Though American Board of Forensic Odontologist insti-Please cite this article in press as: Tarvadi P., et al.. Egypt J Forensic Sci (2016)tuted scoring system for evaluation but its reliability also has been
questioned.6 Further, though bite mark has been accepted in some
courts of Europe, Oceanic and North American courts, the basic
areas like uniqueness of human dentition and accuracy of bite
marks are still not scientifically proved. In a case of State v. Gar-
rison, the experts agreed that they had not considered individuality
of each teeth and there was lack of tabulated results, hence statis-
tically also the report was baseless. The judiciary should not accept
expert forensic testimony if it is not valid, unreliable, and doesnot
have a sound scientific base, like in the case of Burke v. Town of
Walpole, wherein as per expert Burke’s teeth matched the bite
mark on the victim’s left breast to a ‘reasonable degree of scientific
certainty’. But DNA analysis excluded Burke, as the male DNA
found in the bite mark on the victim’s left breast was not of Burke.7
Hence coming to a conclusion that considering bite mark analysis
as the conclusive identification tool, and to convict a suspect would
not be correct.
The bite mark analysis is more valuable for exclusion purposes.
Analyses may reveal the non-matching samples. The report should
name only those non-matching suspects and to be categorically
excluded from the suspects list. The report should not name the
suspects whose dentitions are nearly matching.
5. Conclusion
The present study shows that the Inter-canine distance is unre-
liable in identification by bite mark analysis. The inter-canine dis-
tance with its high false positive rates and very low true positive
rates, is unreliable individually as well as in association with other
parameters in metric method of analysing bite mark. Hence foren-
sic experts while analysing bite marks have to be very cautious
about including inter-canine distance in the identification of the
individual.
Recommendation
Research in this field is sparse and hence extensive research
needs to be done to link inter-canine distance and bite marks
analysis.
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